FURTHER OBSERVATIONS ON CERTAIN FEATURES OF EXPERIMENTAL SYPHILIS AND YAWS IN THE RABBIT by Nichols, Henry J.
FURTHER  OBSERVATIONS  ON  CERTAIN  FEATURES 
OF  EXPERIMENTAL SYPHILIS  AND  YAWS 
IN THE RABBIT.* 
BY  HENRY  J.  NICHOLS,  M.D. 
Captain, Medical  Corps, U.  S.  Arm3'. 
(From the Laboratories of the Rockefeller Institute  for Medical Research, New 
York, and the Laboratories of the Army Medical School, Washington, D. C.) 
INTRODUCTION. 
The unique progress made during the last six years in our knowl- 
edge  of  the  etiology,  diagnosis,  and  treatment  of  syphilis  has 
brought the present day study of this almost universally distributed 
disease  into  the  first'  rank  of  scientific  interest  and  practical  im- 
portance; and  students  of tropical  medicine are  doubly concerned 
because this  progress  has,  by  analogy and  by  actual  proof,  been 
broadened to  include the tropical group relative of syphilis,  yaws. 
Much of this advance has been due t'o animal experimentation, and 
I  desire at this time to present some observations of my own made 
in this field of work, relating to chemotherapy, to serum reactions, 
and to immunity. 
While experiments on various species  of monkeys have served to 
give us  a  great  deal  of  information about  syphilis  and  yaws,  the 
rabbit has come to be the animal of choice for certain kinds of work 
not only because it is easy to obtain and to handle, but also on ac- 
count of the nature of the lesions produced and the reactions of the 
host.  It is  interesting in this  connection to note that, historically, 
the  successful transmission of syphilis to  rabbits  antedates that to 
monkeys; for Flaensell  (I), after infecting rabbits  in the anterior 
chamber of the eye with tubercular material,  in  1881 undoubtedly 
produced a  genuine syphilitic keratitis  in  rabbits,  and  transferred 
* Read  at  the  Eighth  Annual Meeting of  the  American Society of  Tropical 
Medicine at  New  Orleans, May 18,  1911.  Published with the permission of. the 
Surgeon General, 1.5. S.  Army.  Received for publication, June  I3,  1911. 
196 Henry  J.  Nichols.  197 
the virus to a second generation; little attention, however, was paid 
to his work because the specific nature of the lesions could not be 
demonstrated.  Since the  discovery of  Treponema  pallidum,  four 
distinct kinds of lesions in the rabbit are recognized: first,  corneal 
syphilis,  which  was  definitely demonstrated  by  Bertarelli  (2)  in 
I9O6; second, a syphiloma of the testicle, established by Parodi  (3) 
in  I9o 7 and  worked out  by Uhlenhuth and  Mulzer  (4)  in  I9O9; 
third, a  chancre of the scrotum demonstrated by Hoffmann, L6he, 
and Mulzer (5), and Ossola and Truffi (6)  in I9o8 , which appears 
either  as  an  induration  in  and  under  the  skin  that  ulcerates  and 
forms a typical chancre, or as an induration of the tunica and sub- 
cutaneous tissue which does not extend to the exterior; and fourth, 
a  septicemia, with generalized lesions in the skin and mucous mem- 
branes,  especially  of  the  nose,  which  has  been  produced,  in  the 
present  year,  by  Uhlenhuth  and  1VIulzer (7)  by  intracardial  in- 
jections in  very young animals.  Even after the ocular  and  testi- 
cular inoculations, spiroch~et~e have occasionally been demonstrated 
in the glands, spleen, and liver, but secondary lesions are very rare, 
except those of the uninoculated eye or testicle. 
In  I9IO, I  (8)succeeded in producing a  lesion of the testicle in 
rabbits  with  the  treponema of  yaws,  and  since  then  I  have  pro- 
duced lesions of the scrotum, as is explained below. 
The lesions of the eye are especially adapted for histological study 
on  account  of  the  simple  structure  of  the  cornea,  and  they  also 
furnish  an  abundance  of  organisms  in  pure  culture  for  various 
purposes.  About  5  °  per cent. of these inoculations are successful. 
The  lesions  of  the  scrotum,  as  Hata  (9)  maintains,  are,  on  the 
other hand,  best adapted  for investigation of the  action of drugs, 
because the chancres are rich in treponema and are more accessible 
for  examination  than  lesions  of  the  eye  or  testicle.  Here  again 
only a  certain percentage of the  inoculations are  successful.  For 
the preservation of the strain in a living condition, the lesion of the 
testicle is most suitable,  as almost  IOO per cent. of inoculations are 
positive.  I  have also found this lesion best'  for the study of serum 
reactions and certain problems of immunity, because the lesions of 
the eye and of the scrotum are relatively superficial and hence seem 
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cular lesions.  It seems possible that all the local forms of inocula- 
tion will be superseded for general study,  if Uhlenhuth and Mulzer 
are successful in developing  further their general infections. 
MATERIAL. 
Syphilis.--I have been working with three strains of the spiroch~eta of syphilis 
and one of yaws;  one  strain of  the syphilitic organism and the one of  yaws  are 
in  the  I5th  transfer.  1  The  other  two  strains  of  the  syphilitic  spiroch~eta  are  in 
the 3d and 6th transfers respectively.  All three syphilitic strains were started in 
the  testicle  from  human  mucous  patches.  Little  difficulty  is  encountered  in 
making the first transfer if a  suction apparatus is used on a  mucous patch so that 
a  considerable  amount  of  infected  serum  is  obtained  for  injection.  Only  two 
animals died of sputum septicemia, and no marked secondary infections occurred. 
The  first strains of  the treponema of  syphilis and yaws  yielded  only 5o per cent. 
of "takes"  in the first three passages, but the later passages of these strains and 
the  early  ones  of  the  other  syphilitic  strains  gave  practically  ioo  per  cent.  of 
infections.  A  large  quantity  of  material  was  employed  for  injection and  large 
rabbits with well developed organs were  selected for inoculation.  There  appears 
to  be  choice  in  rabbits  in  regard  to  color.  The  general  adaptability,  in  my 
experience,  was:  white,  grey,  brown,  and  black.  In  Germany,  the  silver  grey 
rabbit is  chosen.  The  incubation period of  the first transfers  averaged 45  days; 
while in the 9th to  the  I3th transfers,  it averaged  35  days,  when fluid  was  used 
for  injection.  Hence  the  spiroch~et~e  on  successive  transfers  grew  somewhat 
more  rapidly;  but  no  difference  was  noted  in  the  size  or  duration  between  the 
lesions of  the early and the later transfers.  If  a  bit of  tissue  is introduced  in  a 
trocar, the incubation period is about  IO days shorter.  The incubation period for 
the  entire series  of  the  first  strain  in 46 animals  averaged  34  days.  The  lesion 
of  the  testicle,  which  is  a  myxomatous  tumor,  occurs  either  in  the  epididymis 
or testicle and varies in size from that of a  pea to that of an olive.  Small lesions 
occasionally  occur  which  disappear  in  a  short  time,  but  well  developed lesions 
last several  weeks  and  are  rich  in  spiroch~et~e. 
The production of chancres is more uncertain and, as Hata has pointed out, in 
order  to  secure  reliable  results,  many  animals  must  be  inoculated.  The  direct 
method  consists  in  inserting  a  piece  of  infected  tissue  under  the  skin  of  the 
scrotum ; many of these inoculations fail or begin to develop and then retrogress. 
Often,  however,  in  inoculating the  testicles  some  spirochmt~e are  caught  in  the 
scrotum  and produce  excellent lesions;  at  times  a  combination  of  the  testicular 
lesion  with  lesions  of  the  tunica  an6  an  ulcerating  chancre  is  produced.  Out 
of  13  chancres  in  my  series,  ii  followed  inoculation  of  the  testicle  and  only 
2  resulted from 5 direct inoculations of the scrotum.  The  incubation period  for 
the chancres averaged 43 days.  Five inoculations of the anterior chamber of the 
eye failed to produce  lesions. 
Yaws.--The  incubation  period,  with  inoculations  of  fluid,  of 
lesions  of  the  testicle,  caused  by  Treponema  pertenue,  for  the 
1 An account of these strains was given in the Jour. Exper. Med., 191o, xii, 616. Henry  J. Nichols.  199 
animals in the Ist transfer was 4I  days, and for the last animals in 
the 9th to the I4th transfers it was 29 days.  In tissue inoculation, 
the  period  averaged  23. 5  days.  Seven  animals  gave  very  short 
periods,  the average  being  13  days.  For  the  entire  series  of. 52 
animals, the incubation period was 26 days, or 8  days shorter than 
that of the series of animals infected with the pallidum.  No marked 
morphological  differences  have  been  noted  in  the  nature  of  the 
lesions of the testicle in syphilis and yaws. 
At first,  I  thought that  Treponema pertenue would not produce 
lesions of the scrotum, but, at the suggestion of Hata,  I  inoculated 
7 animals under the skin of the scrotum with testicular tissue in the 
5th transfer.  In 6  days, 2  animals developed hard nodules which 
enlarged to  typical  chancres;  the  other  5  failed :to  show  lesions. 
Since  then,  8  chancres  have  developed  after  inoculation  of  the 
testicle.  The incubation period for the Io chancre-like lesions aver- 
aged 23. 5  days--a  period less than half that in syphilis.  In con- 
trast  to  the differences seen in yaws  and syphilitic lesions of the 
monkey's eyebrow, there is practically no difference in the lesions 
which are produced in the rabbit's scrotum by pallidum and pertenue, 
except as regards the incubation period.  In explanation of this fact 
it  may  be  suggested  that  the  skin  of  a  monkey's  eyebrow,  for 
example,  differs  from  that  of  a  rabbit's  scrotum  and  is  more 
nearly related to the human integument.  Four inoculations of the 
anterior chamber of the eye have not resulted in infections. 
CHEMOTHERAPY. 
Salvarsan.--Hata, working with scrotal chancres, has shown that 
out  of  a  large  number  of  synthetic arsenic  preparations,  arseno- 
benzol has the greatest spirillicidal action, the ratio C/T being I  to 
Io.  A  single intravenous dose of o.oI  gram per kilo permanently 
cured every lesion.  Working with testicular lesions of the trepo- 
nema  of  syphilis  and  yaws,  I  (Io)  have  found  that  salvarsan 
destroys the treponema of yaws in a  smaller dose  (table I).  Four 
rabbits infected with Treponema pertenue were permanently cured 
by a  dose of 0.0045 gram per kilo, while out of 5  rabbits infected 
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and 49  days,  respectively.  A  smaller dose  than o.oo45  gram  per 
kilo, however,  failed to kill the pertenue. 
TABLE  I. 
Comparative  Effect  of  the Same  Dose  of Salvarsan  on  the Lesions  of Syphilis 
and  of  Yaws in  the  Rabbit. 
Syphi- 
lis. 
B 
W 
U 
V 
S 
Condition. 
Large  nodule,  left tes- 
ticle. 
;mall nodule, right tes- 
ticle. 
;mall  nodule,  left  tes- 
ticle. 
.urge  nodule,  left  tes- 
ticle. 
Small  nodule,  left  tes- 
ticle. 
Large  nodule,  left  tes- 
ticle. 
Spiro- 
cha~tae. 
+ 
+ 
+ 
+ 
+ 
+ 
Dose per kilo in gins. 
May 9,  x9xo.  0.0045, in- 
tramuscular. 
May9, I9tO.  o.oo45 , sub- 
cutaneous. 
May 9,  I91o.  o.oo45,  in- 
travenous. 
May 9,  191°.  0.o045 , in- 
tramuscular. 
May 9,  t9Io.  o.oo45 , in- 
travenous. 
Remarks. 
Lesions healed ;  relapse in 
left testicle in 31 days. 
Lesion  healed;  relapse  in 
36 days. 
Lesion  healed ;  relapse  in 
49 days. 
Lesion  healed ;  castrated 
24th day ;  negative. 
Lesion  healed ;  castrated 
9th day ;  negative. 
Yaws. 
I5 
17 
2I 
I 
Large nodule, right tes- 
ticle. 
Small  nodule,  left  tes- 
ticl e. 
Large nodule, right tes- 
ticle, 
Large nodule, right tes- 
ticle, 
9  A  9 Large nodule, right tes- 
ticle. 
9AIX Small  nodule,  left  tes- 
ticle. 
53z  Large  chancre,  both 
2 LargeteStieIeS'nodule,  right tes- 
9  A  ticle. 
9  A  5 Large  nodule,  left tes- 
[  ticle. 
9  A  8]Large  nodule,  left tes- 
[  ticle. 
+  May 9,  I91o.  0.oo45 ,in- 
tramuscular. 
+  May 9, x9Io.  0.oo45, sub- 
cutaneous. 
+  May  24,  t9IO.  0.o045, 
intramuscular. 
+  IMay 9,  t9xo.  o.oo45, in- 
I  tr~venous. 
+  IAug. 8, 191o.  0.oo25, in- 
[  travenous. 
+  lAng.  xo,  x9IO.  o.oo3, in- 
travenous. 
-j-  Aug.[8,  19Io.  o.oo3,  in- 
travenous. 
+  Aug.  IO,  I91o.  0.0035, 
intravenous. 
+  Aug. 8,  19to.  o.0o75 , in- 
travenous. 
+  Aug. 8,  I91O.  o.oo75 , in- 
l  travenous. 
Lesion  healed ;  castrated 
19th day ;  negative. 
Lesion  healed ;  no relapse 
in 66 days. 
Lesion  healed ;  castrated 
24th day ;  negative. 
Lesion healed ;  no relapse 
in 38 days. 
Noe~ct. 
Noe~ct. 
No effect. 
No effect. 
Lesion healed. 
Lesion healed. 
These  differences seem to  apply equally to  man,  as  several  ob- 
servers  in  the tropics have been  able  to  cure  yaws  with  doses  of 
salvarsan  which would  certainly have been  followed by many re- 
lapses  in  syphilis.  Both  Strong  (II)  and  Castellani  (12)  have 
treated a  considerable  number  of adults with  doses  of 0. 3  to o.4 
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This is an interesting fact and accords with the general conception 
that yaws is a  localized infection of the skin rather than a  disease 
in  which the treponema can gain a  permanent  foothold in  almost 
every tissue of the body.  It is impossible to  say, until cultures of 
the treponema have been obtained,  whether the  greater  resistance 
of pallidum to treatment is due to some resistance of the organism 
itself or to  a  mechanical reason, such as an ability on the part  of 
the organism to penetrate further into places where the drug does 
not circulate so freely. 
The patient  from whom the pertenua were obtained was  finally 
cured  by  salvarsan.  He  suffered  from  three  separate  series  of 
eruptions.  The  third  one  was  treated  without  effect by  atoxyl; 
under potassium iodid, the skin lesions healed rapidly and he gained 
in weight but still complained of joint-pains  and showed a  positive 
Wassermann  reaction  which  he  had  failed  to  show  earlier.  In 
November,  191o  ,  he  was  sent  to  the  Walter  Reed  Hospital,  in 
Washington,  D.  C.,  and on November 3 he was given 0. 5 gram of 
salvarsan  intramuscularly.  His  pains  ceased  in  a  few  days;  the 
serum reaction became negative in 16 days and has remained so. 
The question of "arsenic fast'" spiroch~et~e became an important 
one  after  the  introduction  of  salvarsan.  For  the  study  of  this 
question, I  selected a soldier in the secondary stage of syphilis, who 
had  received  a  subcutaneous  injection  of  salvarsan.  Slight  im- 
provement of the mucous patches had occurred followed by relapse. 
I  inoculated 3  rabbits  with  serum taken  from one of  the  mucous 
patches  24  days after treatment,  and  all  3  became infected.  One 
was given o.005  gram  (one half the sterilizing dose)  of salvarsan. 
The spiroch~etm were active and numerous after 48 hours; the dose 
was then repeated and the spiroch~etm and lesions disappeared,  but 
recurred 16 days later.  The strain was then transferred to 3 other 
rabbits  and  in  these  was  promptly  killed  by  doses  of  0.005  and 
o.oi  gram  per  kilo.  Hence,  after  four  exposures,  no  "arsenic- 
fast"  properties  could  be  demonstrated.  It  is  possible  that  by 
repeating smaller doses some resistance might be developed; but the 
aim  of the experiments was  to  approximate  clinical  conditions  as 
closely as possible.  It seems feasible, therefore, to repeat the drug 
several  times  with  good  effect and  without  danger  of  producing 
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One animal only has shown a  relapse after a  dose of o.0I  gram 
per  kilo,  and  this  animal  had  previously  received o.025  gram  of 
sodium cacodylate.  A  second relapse occurred after o.0I gram per 
kilo,  but  the infection was  finally entirely abolished by o.o2  gram 
per kilo.  This case might be cited as an example of resistance to 
arsenic,  but  as  it  was  only one out  of a  number,  the  relapse may 
equally well be explained by assuming that a  few spiroch~etae  were 
hidden in the tissues away from the action of the drug. 
Sodium  Cacodylate.--Among  arsenical  preparations  recently 
tried against syphilis, sodium cacodylate has had some vogue in this 
country.  I  (13) tested this drug thoroughly in rabbit  syphilis and 
found  that  the  ratio  C/T~I/I;  that  is,  that  the  drug  had  no 
parasitotropic property.  Alston (I4)  has recently tried the drug on 
yaws in Trinidad and says,  "I  injected four cases with cacodylate 
of soda for comparison, and see nothing to compare with the experi- 
ments with  '6o6'  and  the serum."  Neisser  tested  the  preventive 
and curative properties of sodium cacodylate on monkeys infected 
with  syphilis  and  concludes his  account  by  quoting  Ehrlich  who 
said,  "The  preparation  is  indeed  non-toxic  but  it  is  also  thera- 
peutically worthless." 
Mercury.---As soon as exact methods were possible for the study 
of the action of drugs  on the  spirochaetae,  a  great deal of interest 
naturally arose concerning the exact action of mercury and potas- 
sium iodid.  Various opinions have been held concerning the action 
of these drugs, but the consensus of opinion has been that mercury 
is a  specific and that potassium iodid is a  symptomatic remedy.  A 
good deal of work has been done with repeated doses of the drugs in 
monkeys, and  in  rabbits  with  Corneal infections;  and,  while mer- 
cury has  been  proved  to  be  a  specific  in  large  doses,  opinion  is 
divided about  potassium  iodid  (I 5).  I  have worked chiefly with 
single  intravenous  injections  of  the  bichlorid  and  salicylate  of 
mercury in  order,  if  possible,  to  obtain  a  better  comparison  with 
salvarsan.  I  have found under these conditions that no action can 
be  demonstrated for mercury much short  of  the  fatal  dose.  The 
tolerated  dose  for mercuric ehlorid  is  o.ooI  gram per  kilo  (table 
II),  but  no  definite  spirillicidal  action  is  demonstrable  with  this 
dose; if, however, the dose is raised to o.oo  3  gram the spirochaeta~ Henry  J.  Nichols. 
TABLE  II. 
Tolerated  Dose  of  Mercuric  Chlorid;  One  Intravenous  Injection. 
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Rabbit.  Weight in gms.  Dose per kilo in gms.  Remarks. 
2,590 
2,560 
2~420 
2,060 
2,150 
2,39o 
1,95o 
I~8IO 
2~250 
o.OOI 
0.002 
0.003 
o.003 
0.004 
0.005 
0.005 
O.  005 
O.OI 
No effect. 
Died in I I  days ;  nephritis. 
Died in I I  days ;  nephritis. 
Died in  5 days ;  nephritis. 
Died in  9 days ;  nephritis. 
Died in  4 days ;  nephritis. 
Died in  1 day ;  nephritis. 
Died immediately ;  convulsions. 
Died immediately ;  convulsions. 
are  destroyed  in  48  hours  (table  III),  but  the  animal  eventually 
dies of nephritis. 
The  same  is  true  of  the  salicylate;  the  tolerated  dose  of  0.005 
gram per kilo has no certain curative effect, but a  dose of 0.0075 or 
TABLE  III. 
Effect  of Mercuric  Chlorid  on  the Spirochceta  of Syphilis  and  of  Yaws;  One 
Intravenous  Injection. 
Syphilis. 
XXXVII,  Ch. 
XLIII,  Ch. 
2/m, T. 
Dose per kilo in 
gms. 
Feb.  27, 0.0005 
Mar.  6, o.oo1 
Apr.  4,  0.003 
Apr.  7, 0.003 
+++ 
+  + 
+  +1-- 
+  -- 
Day. 
e  3  4 
+  + 
+ 
6  7 
+ 
Remarks. 
No effect on spirochset~e. 
Healed on 2oth day.  Spi- 
rochretm-- x2th  and 
2oth days. 
Spiroch~etre  killed;  died 
on I I th day. 
Spirochretre  killed;  died 
on 5oth day. 
Yaws. 
4 o, T.  Feb.  27, 0.0oo  5  q- 
Mar.  6, o.ooi  + 
45, Ch.  Feb. 27, 0.ooo  5  + 
Mar.  6, o.ooi  + 
Mar. 20,  O.OOI  5  -31"- 
+i+ 
+ 
+ 
+ 
+ 
+  + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
No effect on spiroch~et~e. 
No effect on spiroch~et~e. 
No effect on spiroch~et~e. 
No effect on spiroeh~etae. 
No effect on spirochmt~e. 
+  =  Spiroch~et~e  present,  active. 
+-- =  Spiroch~etm present,  motionless. 
--=  Spirochmtm not found. 
F. ~-~ Spiroch~et~e  few. 
Ch. =- Chancre. 
T. =  Testicular  lesion. 204  Experimental  Syphilis  and  Yaws in  the  Rabbit. 
of  o.oi  gram  will  destroy  the  parasites  promptly,  although  the 
animal usually dies later of nephritis  (tables IV and V).  In these 
TABLE  IV. 
Tolerated Dose of Mercuric  Salicylate;  One Intravenous  Injection. 
Rabbit.  Weight.  Dose per kilo in gins,  Remarks. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
II 
2,230 
2,130 
2,430 
2~ooO 
2,055 
1,93o 
1,96o 
1,98o 
2,030 
2,240 
2,380 
O.  005 
0.oo5 
0.oo75 
O.O1 
O.OI 
O.O1 
O.OI 
0.0I 
O.OI 
0.025 
O.O  5 
No effect. 
Died in  15  days ;  nephritis. 
No effect. 
Died in  13 days ;  nephritis. 
Died in  IO days ;  nephritis. 
Died in 7 days ;  nephritis. 
Died in 4  days ;  nephritis. 
Died in 3  days ;  nephritis. 
Died in 3 days i  nephritis. 
Died in 2 days ;  nephritis. 
Died immediately. 
TABLE  V. 
Effect  of  Mercuric  Salicylate  on  the  Splrochcta  of  Syphilis  and  of  Yaws. 
Syphilis.  Dose per kilo in  I ~ ~ 
gms 
Feb.  20,  0.005 
Apr.  7, o.ox 
I 
Apr.  7, o.o! 
el7 , T. 
2/8, Ch. 
,/44, T. 
x 
Day. 
+  IF+ F+  + 
_ 
Remarks, 
No cure ;  intramuscular  in oil. 
Spiroeh~et~e killed ;  died  on 9th 
day ;  intravenous injection. 
Spiroehretre  killed;  died  on  3 d 
day ;  intravenous injection. 
i  Yaws. 
--I 
48,  Ch.  Mar.  7,  o.005 
Mar. 20, 0.0075 
49, T.  Mar.  I,  0.005 
5 I,  Ch.  Apr.  4,  o.ox 
1/33, T.  Mar.  31, o.oi 
L 
+  + 
+  + 
+  + 
+  +F 
+  +~ 
i  __ 
+  No effect on  spiroch~et~e ;  intra- 
venous injection. 
i Spiroch~et~e  killed ;  intravenous 
i  injection. 
[ Spiroch~et~e killed ; died on I4th 
!  day ;  intravenous injection. 
] Spirochmt~e  killed ;  intravenous 
injection. 
Spiroch~et,ne killed ;  died on 12th 
day ;  intravenous injection. 
experiments,  the  insoluble  form  of mercury  salicylate was  mixed 
with equal parts of potassium carbonate to dissolve it.  Rabbits are, 
of course, subject to nephritis naturally, but the lesions found after 
injection of mercury were so definite and the mortality was so great 
that no doubt was left as to the cause of the condition.  In animals 
dying early, the kidneys were pale and swollen and showed an acute Henry  J.  Nichols.  205 
necrosis especially of the collecting tubules.  In  the  later  stages,  a 
high  degree of calcification had  set in---enough  to nick the edge of 
the section knife. 2  The doses used would represent I  to 3 grams of 
mercuric chlorid and 5 to IO grams of mercuric salicylate for adults 
of 7  °  kilos. 
It  is  evident  from  these  results,  as  well  as  those  of  other  ob- 
servers, that mercury has some selective action  for spiroch~et~e;  but 
it  is evident that  the margin  between the  parasitotropic  action  and 
the organotropic action is not nearly as great as it is with salvarsan, 
from  which  one  can  understand  why  it  is  necessary  to  continue 
mercury so long clinically to get beneficial results.  It is also evident 
that  the  intensive  treatment  with  mercury  is  indicated  in  order  to 
affect the spiroch~et~e  promptly and that at the same time the effects 
on the kidneys must be watched constantly. 
Potassium  Iodid.--The  tolerated  dose  of  potassium  iodid  is 
shown in table VI and  is about o.o  3  gram per kilo.  If the dose is 
TABLE  VI. 
Tolerated  Dose  o[  Potassium  Iodid;  One  Intravenous  Injection. 
Rabbit.  Weight.  Dose per kilo in gins,  Remarks. 
2,  260 
x,98o 
1,96o 
2,880 
2,OOO 
2~000 
2,580 
2,500 
0.0I 
0.025 
0.03 
O.O  5 
0.0  5 
O.I 
0.2 
0.5 
No apparent effect. 
No apparent effect.' 
No apparent effect. 
No apparent effect. 
Convulsion ;  died immediately. 
Convulsion ;  died immediately. 
Convulsion ;  died in  zo days. 
Convulsion ;  died immediately. 
raised above this amount the rabbit dies in most cases immediately. 
Table  VII  shows  the  action  on  the  spiroch~et~e;  and  it  is  evident 
that  no  definite  effect  is  produced  by this  dose.  That  potassium 
iodid has some action on the  spiroch~et~e  is evident,  however,  from 
animal  XXXIV,  in which there  was a  definite  curative  action;  the 
spiroch~et~e  became reduced  in number  and  the lesion  healed in ten 
days.  The  dose,  however,  was  I  gram  per  kilo  injected  into  the 
muscles  which  became  necrotic  and  atrophied.  In  animal  5  2,  o. 5 
2This  is  the  characteristic  renal  lesion  of  the  rabbit  following  mercury 
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TABLE  VII. 
Effect  of Potassium  Ioclid on  the Spirochceta of Syphilis  and of  Yaws. 
Syphilis.  Dose per kilo 
in gms. 
2/8,  Ch.  Mar.  22, o.oi 
Mar.  29, o.o  3 
XXXIV, Ch. 
! 
Apr.  4, 0.03  q- 
Jan.  3 x,  I.o  -k 
5o,  Apr.  7,  .o3 
52,  May  x2,  .5 
+  + 
F+ [F4- 
Day. 
-I 
6+ 
+ 
÷ 
1 
Remarks. 
8 
m 
No effect ;  intravenous 
injection. 
~No effect ;  intravenous 
injection. 
No effect ;  intravenous 
injection. 
--  Healed in Io days ;  in- 
tramuscular injection. 
--  -~  Healedin zo days ;  in-" 
travenous injection. 
/No effect after xo days ; 
]subcutaneous injection] 
gram  given  subcutaneously  produced  an  extensive  necrosis,  after 
which  it  was  thought  unprofitable  to  carry  the  study  further. 
Neisser  (16)  has  been  able  to  prevent  and  to  cure  infections  in 
monkeys  with  doses  of  7  to  8  grams,  but  no  such  dose  could  be 
tolerated  for  man;  hence  it  is  doubtful if  potassium  iodid  can  be 
used with advantage as a  spirillicide  in the  early stages of syphilis, 
and  its  chief value,  according  to the  present  usage,  seems to be to 
aid  absorption  in  yaws  and  in  the  later  stages  of  syphilis.  The 
parasitotropic  action of these drugs  is so small that  it is impossible 
to  determine  any differences  for the  two organisms. 
SERUM REACTIONS. 
I  have found that the testicular infection in the rabbit serves well 
for observations on the  complement  fixation  test in  syphilis and  in 
yaws.  The  reaction  comes  on  in  about  to  to  14  days  after  the 
lesion  appears,  increases  in  intensity,  and  disappears  as  the  lesion 
heals  spontaneously  or  as  the  result  of  treatment,  or  after  it  is 
removed  by  castration.  Several  authors,  namely,  Schilling  (17) 
and  Browning  (I8),  working  with  trypanosome  infections,  have 
held  that  rabbits  are  unsuitable  for  observations  of  this  kind  be- 
cause  they  normally  give  reactions;  but  Captain  Craig,  of  the Henry J. Nicho~..  207 
Medical Corps,  and I, after many observations, have as yet to find 
a  positive  reaction in  5o  normal rabbits.  Schilling  states  that  he 
found 7 positive out of 12 normal rabbits; but this reaction has been 
ascribed to coccidia or some other parasite as well as to some pecu- 
liarity  of  the  normal  rabbit.  Uhlenhuth  and  Mulzer,  however, 
found 16 normal animals negative.  At all events, in our hands, the 
results  have  been  entirely  uniform  with  an  alcoholic  extract  of 
syphilitic liver as antigen and 0.o  5 to o.2 cubic centimeters of inac- 
tivated serum. 
In 2o syphilitic rabbits, the reaction became positive in an average 
of  9.4  days  after  the  lesion appeared  in  the testicle;  in  8  of the 
animals,  it  was negative on an average at 6. 5  days.  Chancres of 
the scrotum, however, failed to give good reactions even after 3 to 4 
weeks.  The same negative result has been reported for lesions of 
the eye.  In order to secure a  good reaction, it is apparently neces- 
sary that the lesion should be in an organ well supplied with blood 
rather than in the relatively avascular skin or cornea. 
In the case of infections with the treponema of yaws, the reaction 
became positive in  IO animals in an average of 13.2  days after the 
lesion appeared;  in  5  of the animals it was negative in an average 
of 11. 4  days after the lesion appeared.  The reaction has remained 
positive up  to  one month,  depending strictly  on the course of the 
infection. 
An interesting  finding depends  on  the  fact,  already mentioned, 
that the spirochaetae travel to the opposite testicle, probably by way 
of the spermatie vessels.  In these cases, after the inoculated testicle 
has been removed, the serum reaction may disappear only to  reap- 
pear when the uninoculated testicle becomes affected.  On extirpa- 
tion of the second testicle, the reaction disappears permanently, as is 
shown in  chart  I.  This  finding speaks  against  the occurrence of 
definite lesions in the internal organs, even assuming that the spiro- 
chaetm circulate to a certain extent in the blood. 
The action of salvarsan is shown in charts 3  and 4  for a  typical 
infection  with  both  syphilis  and  yaws.  Two  days  after  the  in- 
jection,  the  serum became negative, then again positive  in 2  days, 
and then permanently negative.  This  secondary rise may be cor- 
related with the occasional finding of a  negative reaction which be- 208  Experimental  Syphilis  and  Yaws in  the  Rabbit. 
comes positive after the injection of salvarsan,  and is probably due 
to a reaction of the tissues to bodies set free on the disintegration of 
the destroyed treponema. 
Captain  Craig  has  kindly  furnished me with  table  VIII,  which 
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CI~ART  I.--Rabbit 2'/2; right testicle inoculated October II, 191o;  nodule with 
spiroch~et~e, November 28;  48  days.  Right  testicle castrated December 6.  Left 
testicle, nodule  with spirochaetae, January  12,  1911. 
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CHART 2.  Rabbit45;inoculated December23,  I9II;nodule with s.pirochmtm 
January  23,  I911;  3I  days. Henry  J.  Nichols.  209 
shows the effect of treatment in the case of two of the animals with 
which  we have been working. 
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CHART  3.--RabbitXXXIX;inoeulated  December 23,  191o; nodule witk spiro- 
chmtm,  January  19,  1911;  27  days. 
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CHART  4.--Rabbit 44;  inoculated December 23,  191o;  nodule  with  spiroehtet~e, 
January 21,  1911;  29  days. 
Captain  Craig and  I  have,  however,  been unable to  make  any  use  of  specific 
antigens made from rabbits' testicles (table IX).  We made antigens from normal 
testicles  and  from  those  infected) with  pallidum  and pertenue.  One  part  of  in- 
fected tissue was ground up and shaken with lO parts of absolute alcohol and after 
titration the  following quantities were used:  yaws  and syphilitic testlele antigen, 
o.o6 e.e. ; normal testicle antigen, o.o8 e.e. ; stock antigen, o.o2 e.e. ;  and inactivated 
serum,  o.I  c.e.  Both  normal  men  and  animals gave  positive  reactions  with  the 
normal  testicle  antigen  and  with  the  specific  antigens,  and  infected  men  and 210  Experimental  Syphilis  and  Yaws  in  the  Rabbit. 
TABLE  VIII. 
Results  of  Complement  Fixatio~  Test  before  and  after  Treatment  with  Sal- 
varsan  in  Rabbit  No.  39,  Infected  with  Lues. 
Amount  Date of tests, 
of serum  .....  Remarks. 
in c.c.  Jan.  231  u 7  3 °  Feb. 6  8  io  i 3  18 
°'°5  ~  +  ]  ++  --I@-~  o  --  Spirochret~e  found  in  testicular 
oAo  ++  +-~-  +--  ++  --  --  lesion, Jan.  19,  191I.  o.o2gm. 
o.15  o  i++[  ++  +-t-  +--  ++  o  --  salvarsan  per  kilo  administered 
0.20  ++  I ol  ++1  4-+  -+--I ++l  --  I --  /  intravenously,  Feb.  6,  1911. 
Results  of  Complement  Fixation  Tests  before  and  after  Treatment  with  Sal- 
varsan in  Rabbit No.  44,  Infected  with  Yaws. 
A ....  t  ]  Date of tests.  [ 
of serum  --  --- 
_ing"c" -  Ja-. 23  30  reh.~ 6_2 -  ~  ,o  ~  . 
o.o5  --  --  ++  ++  .... 
O.lO  --  +--++  ++  --  +---- 
o.15  --  +  ++  ++  +--  +/--l-/ 
o.=o  I  --  I++1  ++  / ++t  +--I  ++/  --  I --  / 
Remarks, 
Spiroch~et.~e found  in lesion,  Jan. 
2I~  I9II.  0.02  gin.  salvarsan 
per  kilo  administered  intraven- 
ously,  Feb. 6,  19II. 
TABLE  IX. 
Results  of the  Use  of  Various Antigens and  Various Sera. 
Stock antigen.  Rabbit normal  Rabbit syphilitic  Rabbit yaws 
testicle antigen,  testicle antigen,  testicle antigen. 
1.  Normal man. 
2.  Normal man. 
3.  Normal man. 
4.  Normal man. 
I.  Syphilitic man. 
2.  Syphilitic man. 
3.  Syphilitic man. 
I.  Yaws patient Oct. 24. 
IL  Yaws patient Nov. 3. 
I.  Rabbit syphilis. 
z.  Rabbit syphilis. 
3-  Rabbit syphilis. 
I.  Rabbit yaws. 
I.  Normal rabbit. 
2.  Normal rabbit. 
3.  Normal rabbit. 
4.  Normal rabbit. 
5.  Normal rabbit. 
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animals  reacted  very  irregularly,  while  our  results  with  the  stock  antigen  of 
syphilitic  liver  were  constantly  uniform.  Our  experience  agrees  with  that  of 
Baermann  and  Wetter,  who  have reported  that they could  not demonstrate  any 
specific  nature  in  antigens  made  from  yaws  nodules.  Castellani  (19)  has 
reported positive results  of  this kind  on  monkeys, but  we  have never been  able 
to  secure  a  sufficiently  strong  reaction  in  monkeys  for  such  a  test  and  do  not Henry  J.  Nichols.  211 
believe that the  complement  fixation test can be used  to  advantage in this way, 
at least not until cultures of the pertenue are obtained. 
In  connection with  the  finding of  a  positive  reaction  in  yaws  rabbits,  Baer- 
mann  and  Wetter's  (2o)  results  in  Java  are  of  interest.  Among  fresh  cases 
with  rich  eruption  they  found  IOO  per  cent.  positive;  among  fresh  cases  with 
few  yaws,  8o  per  cent.;  and  in  treated  cases  5o  per  cent.  In  some  cases  the 
reaction  became  negative after  2  or  3  injections  of  1.5  grams  of  mercuric  sali- 
cylate,  and  in  none  except  the  fresh  cases  was  the  reaction  strong.  My  yaws 
patient failed to  give  a  reaction  after the  second  and third  eruptions;  and  in 4 
monkeys no reaction has t)een obtained up  to 5  months after infection. 
IMMUNITY. 
Until recently, it has been generally held that an attack of syphilis 
conferred immunity, and cases of reinfection were cited as unusual. 
But we have come to realize, especially since the work of Neisser on 
monkeys, that there is no true immunity in syphilis.  If an animal, 
previously infected, resists  reinoculation, the animal is not strictly 
immune, but does not become reinfected merely because it still has 
the disease.  When the disease is entirely abolished, either naturally 
or by treatment, reinfection occurs regularly.  I  have seen several 
interesting  occurrences bearing  on  this  point  in  the  case  of  both 
syphilis and yaws.  Rabbits  can be infected in both testicles if in- 
oculated at the same time or within one to two weeks of each other; 
but  if  the  second  testicIe  is  inoculated  after  the  appearance  of  a 
lesion  in  the  first  testicle,  no  take  occurs  while  the  lesion  of  the 
first testicle is still active.  If, however, the lesion of the first testicle 
retrogresses or if the testicle is extirpated,  spontaneous lesions oc- 
curred  in  the  second  testicle  in  5  out  of  6  instances  (table  X). 
TABLE  X. 
Spontaneous  Infections  of  the  Second  Testicle  after  Castration  or  Regression 
of  the  Lesion  of  the  First  Testicle. 
Rabbit.  Inoculated. 
Syphilis. 
G.  R., Jan. 3I, I9Ic 
XXI  R.,  Oct.  4,  I9Ie 
XLVI  R.,  Mar. 4,  I91I 
Yaws. 
9  R., Mar. 29, i9io 
4o  R., Nov. I4, 1910 
26  R., May31 , x91o 
Spiro- 
ch*etm +..ays. 
Mar.  17  45 
Oct. 31  27 
Mar. 2o  16 
Apr.  22  24 
Dec. 27  43 
June I4  14 
Regression or 
castration. 
Cas.,  Mar.  19 
Reg.,  Nov. 9 
Reg.,  May 4 
Cas.,  Apr. 27 
Cas., Jan.  I4 
Cas., June 15 
Spirochmtm 
+  or--. 
+L., Apr. 22 
+L., Nov. 2x 
+L.,  May 15 
+L.,  May 2 7 
+L.,  Feb.  2 7 
--L., Aug. 3o[ 
Days 
after firs1 
lesion. 
36 
21 
56 
35 
62 
75 
Days after 
castration or 
regression. 
34 
I2 
II 
3 ° 
44 
76 
L----left.  R.=right. 212  Experimental  Syphilis  and  Yaws  in  the  Rabbit. 
When  the  second  testicle  was  inoculated  after  removal  of  the  first 
infected  testicle,  a  take  resulted  in  5  out  of  (5  cases.  When  the 
second testicle was inoculated after the first had developed a  lesion, 
but  without  castration,  a  take  occurred  in  3  out  of  6  cases;  and  in 
these a  regression of the first lesion was going on.  As long as the 
first lesion persisted  actively,  no take occurred  in the  second  testicle 
(table  XI). 
TABLE  XI. 
Reinfections  of  the  Second  Testicle  after  Castration  or  Regression  of  the 
Lesion  in  the First  Testicle. 
Rabbit. 
Syphilis. 
II 
3/5 
VllI 
II 
IX 
Yaws. 
5 
IO 
24 
6 
AI 
14 
27 
Inoculated. 
L, Apr.  I8 
~., ~Tov. II 
L., May 2o 
L., Apr.  18 
L., May 28 
i 
R., May 17 ' 
R., Mar. 29 
R., May 20 
R.~ Feb. 25 
R., Mar. IO 
R., Mar. 31 
R., May3l 
.o  I  c~  +.r Days. 
May 25  37 
Dec. 27  46 
Ju,~e 14  25 
June  [4  57 
June 2o  23 
May 27  lO 
Apr. 18  2o 
May 27  7 
Apr. 8  4~ 
Apr. 22  43 
Apr. 22  22 
June 23!  24 
R~s2~°~ °r  lifo 
Cas., Jan.  I7  IL., 
Reg, June 28 R., 
Reg, July 22 !R., 
Reg., June 28 R., 
Cas., June I4/L., 
Cas., May 1o  L., 
Cas, May 3I IL., 
Cas., Apr. I4[L., 
Reg., May  I3/L. , 
Reg., Apr. 29[L., 
No reg  [L., 
une 14 +  Jul 
[an.  17 @ AI: 
tune 15 +  Au 
rune 15  --  Au 
June 23  --  Au 
tune 14 -~- Ju: 
Vlay 1o -+- Jul 
tune I4 +  Jul 
~pr. 22  --  Ju: 
~pr. 23 -- M: 
~pr. 23 +  M, 
June 23  --  At 
Spiroch~et~e 
+  or--. 
+  July 28 
+  Apr. IO 
+  Aug. 29 
--  Aug. 29 
--  Aug. 29 
+  June 28 
+  June 20 
+  July 14 
--June  15 
-- May 27 
+  May 13 
-- Aug. 3o 
Days after" 
Days  castration or 
__  regression. 
38  38 
83  83 
76  63 
74  38 
66  58 
14  I4 
41  41 
3 °  44 
54  62 
34  I4 
20  I4 
68  O 
The same relations hold good when an infection  is terminated  by 
salvarsan  (table xII)  There  is a  resistance  to reinfection  for  at 
TABLE  XII. 
Reinfections  after  Treatment  with  Salvarsan. 
Rabbit. 
Syphilis. 
XlX 
XX 
XXXV 
XXXVII 
3/7 
3/8 
XXXVlII 
XXXV 
Inoculated. 
R., Oct. 4,  I91° 
R., Oct. 4,  x9m 
L.,  Nov.  25,  I9]O 
R., :Dec.  io,  191o 
R., Jan.  17,  I9II 
R., Jan.  17,  I911 
R., Jan.  17,  I91I 
L.,  Nov.  25,  I9IO 
Splroch~et~e +. 
Oct.  24 
Nov.  I 
Dec.  19 
Jan.  23,  1911 
Feb.  6 
Feb.  6 
Jan.  23, 
Dec.  19 
¢, 
2O 
27 
24 
44 
2c 
2(2  , 14i 
Salvarsan intra- 
venous per kilo 
in gins. 
Dec.  22, o.oI  59 
Dec.  3, o.o1  32 
Dec.  31, O.Ol  12 
Mar.  29, o.o2  65 
Feb.  9, O.Ol  23 
Feb.  14,  o.oo5  8 
Feb.  6, 0.o2  14 
Dee.  31 , O.O1  12 
g  Inoculated. 
L., Jan.  5,  I9tI  14 
L.,  Dee.  19  16 
R., Jan.  13,  1911  13 
L.,  Apr.  [I  13 
L.,  Mar.  29  48 
L.,  Mar.  29  43 
L.,  Mar. 4  26 
R., Mar.  4  63 
v~  ~  '  Spirochmt~e 
ha-  +  or--. 
---Mar. 4  ]5 S 
--Mar.  4  77 
--Mar.  4  63 
--May 31  50 
--May  13  45 
@Apr. 14  I6 
-l-Apr. 17  44 
-~ Mar. 20  16 Henry  J.  Nichols.  213 
least  two  weeks  after  treatment,  probably  due  to  the  transitory 
presence of antibodies,  a  condition that  may be  illustrated by the 
observed fact that suckling syphilitic babies are benefited if the in- 
fected mother is treated with salvarsan, although no arsenic can be 
demonstrated in the milk; and by the recent finding also, of Alston's, 
that yaws can be cured by injecting the serum of another case of 
yaws after treatment with salvarsan.  Reinoculation with pallidum 
in rabbits was successful, however, on the 26th, 43 d, and 63d days 
after  treatment. 
The  results  given above show that  the spiroch~et~e  are not con- 
fined to the testicle but that they migrate to other parts of the body 
and  are  able  to  produce  lesions  elsewhere  if  the  conditions  are 
favorable.  The organisms must travel by the blood, as Neisser has 
been able to demonstrate them in the spleen and liver after inocula- 
tion  of  monkeys.  It  seems  to  me  probable  that  they also  travel 
by the spermatic vessels,  because in  every case of spontaneous  in- 
fection the lesions have occurred in the epididymis minor or major, 
and these are the organs  that  the  spiroch~etm would first reach by 
the  spermatic  route.  But  while  the  organisms  are  disseminated 
over the body to a  certain extent,  they produce lesions only in the 
opposite  testicle, or very rarely in the eye.  Testicular lesions, but 
no others, have been produced by Uhlenhuth and Mulzer by intra- 
venous inoculation; and the disappearance and reappearance of the 
serum reaction after castration also show that the organisms do not 
multiply except in the testicle. 
The results given above demonstrate the inhibitory influence of a 
previous infection and the absence of immunity, and  have on this 
account some bearing on human syphilis,  as  it  is  well known that 
reinfection with a  chancre does not occur when the first chancre is 
well established; but several reinfections with chancres have already 
been reported shortly after the first chancre was cured by salvarsan. 
It will be remembered that one of the arguments for the specific 
differences between yaws  and  syphilis  rests  on  the  immunity,  or, 
more properly, the resistance experiments made by  Neisser,  Baer- 
mann, and Halberstiidter  (2i).  They showed that monkeys could 
not  be  reinfected with  yaws  or  syphilis,  but  that  a  monkey with 
yaws  would  develop  syphilis,  and  vice  versa.  At  first  I  thought 214  Experimental  Syphilis  and  Yaws in  the  Rabbit. 
that  rabbits  would be  suitable  for  such  experiments,  but  the  phe- 
nomenon of the migration of  the  treponema complicated matters, 
because if a lesion occurred in the second testicle the organisms had 
to  be  identified,  and  I  did  not  feel  competent  on  morphological 
grounds alone to distinguish the organisms; and the only other way 
was  to  transfer  them  each time  to  monkeys,--a procedure which 
would have required a  large number of monkeys.  However, after 
salvarsan  became  available,  one  could  treat  infected  rabbits  with 
o.oi  to  o.o2 grams per kilo,  a  sterilizing dose,  and  then  inoculate 
the opposite testicle with each organism shortly after treatment. 
Table  XIII  shows  that  of  4  animals  previously  infected  with 
Rabbit. 
TABLE  XIII. 
Cross Infections with Syphilis and  Yaws after  Treatment with Salvarsan. 
Spirochmt~e +. 
Syphilis--Yaws. 
XXXlII 
xxxvI 
s/* 
XXIX 
Inoculated syphilis. 
I)ec.  I2 
Jan.  3,  I9II 
Jan.  3 
Dec.  2 7 
~,  Salvarsan per kilo 
in gms. 
17  [an.  I9, I911.o.o! 
38  Jan.  19.  o.o! 
53  Jan.  19.  o.o[ 
63  an.  19.  o.oI 
R.j  Nov.  25,  I9IO 
R.,  Nov. 25,  Iglo 
R.,  Nov,  II,  19IO 
R., Oct.  25,  191o 
g ]  Inoculated  ¢* ,~  Spirocb~etm 
~,'~1  ~, ....  ~,~  +or-.  t 
38  L.,Feb. 3  [5  +Mar. 2oi45 
i6 iL,,Feb.3115  +Mar. 27152 
I6  L., Feb. 3  x5  +Apr. 3  59 
23 ! L.,  Feb. 3 I I5  +Ap~.  3  I" 59 
pallidum and then treated and reinoculated with pertenue on the 15th 
day after treatment all became infected, although the lesions  were 
smaller than usual  and  the  incubation  period,  45  to  59  days,  was 
longer than usual.  As  is  shown in table  XII,  4  animals  similarly 
treated and reinoculated with pallidum on the I3th to the I6th days 
after treatment failed to develop lesions.  Hence, in rabbits as well 
as in monkeys a  difference can be demonstrated by inoculation ex- 
periments between the two diseases. 
A  similar  set  of  experiments  with  animals  infected  with  Tre- 
ponema pertenue is under way and will be reported later. 
To  summarize:  the  following  differences  in  experimental  in- 
fection of yaws as compared with syphilis  have been noted in  the 
course of this  work.  The incubation period  for testicular lesions 
is 8 days shorter; for skin lesions it is 20 days shorter.  Lesions of 
yaws  can be  cured  with  smaller  doses  of  salvarsan.  The  serum Henry  J.  Nichols,  215 
reaction  does  not  appear  as  promptly.  Syphilitic  rabbits  treated 
with salvarsan can be  infected with yaws  14  days after treatment, 
while  reinfections  with  syphilis  do  not  occur  under  the  same 
conditions. 
SUMMARY. 
I.  Lesions of the testicle and scrotum of the rabbit produced by 
the  treponema  of  syphilis  and  of  yaws  afford  material  for  the 
study of chemotherapy, of serum reactions, and of immunity. 
2.  On experimental and clinical grounds, it appears that yaws can 
be cured with a  smaller dose of salvarsan than is necessary to cure 
syphilis. 
3.  The spiroch~etm  of syphilis do not become resistant after  re- 
peated treatments with salvarsan. 
4.  Sodium cacodylate has little effect on the treponema of either 
disease. 
5.  Mercury, in a single intravenous dose, has a spirillicidal effect, 
but the necessary dose usually causes the death of the animal later 
from nephritis. 
6.  Potassium iodid, in a  single intravenous dose,  has no spirilli- 
cidal effect. 
7.  The complement fixation reaction is closely correlated with the 
course of an infection, as is shown by its onset and its disappearance 
after castration or treatment. 
8.  Reinfection during the  course of a  testicular lesion does not 
occur, but it occurs after regression, treatment, or extirpation. 
9.  Specific  differences  between  Treponema  pallidum  and  Tre- 
ponema  pertenue  can be  demonstrated in  infected animals treated 
with salvarsan and reinoculated. 
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